Sequence-specific DNA binding of the phage Mu C protein: footprinting analysis reveals altered DNA conformation upon protein binding.
The mom gene of bacteriophage Mu, which codes for a DNA modification function, is regulated in a complex manner at both transcriptional and translational levels. The phage-encoded C protein functions as an activator of mom transcription. The mom promoter has features of an activator-dependent weak promoter, and the C binding site is located upstream and overlapping the -35 region and includes the palindromic sequence TTAT(N)6ATAA. The interactions of this activator protein at its binding site in Pmom has been investigated using four different chemical footprinting reagents. The protein footprint spans a region of 18 to 25 bp, depending on the nature of the chemical reagent used. Dimethylsulfate protection experiments revealed the base-specific interactions. The protected guanines are separated by 15 bp and are located beyond the interrupted palindromic sequence. A tripartite footprint was observed with hydroxyl radical, generated by Fe(II)-EDTA, which shows the binding of the protein to one face of the helix. The extent of protection conferred by the bound protein, however, is not uniform, suggesting that the interaction is asymmetric. The chemical nuclease 1,10-phenanthroline-copper, a minor groove specific ligand, shows hyper-reactivity upon protein binding in the top strand nucleotide triplet CAC, again confirming the protein-induced alterations in DNA conformation. Gel exclusion chromatography and chemical crosslinking experiment with the purified protein suggest that this mode of interaction is accomplished by a dimeric protein. This observation is supported by electrophoretic mobility shift assay using heterodimer of pure C protein and staphylococcal protein A-C fusion. The deletion analysis implicates a role for the carboxyl-terminal region of the protein in DNA binding.